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(54) A method for handoff in a mobile radio communication system. 



(57 



The invention relates to a method in connection with handoff from a first base station (1) in a mobile 
radio communication system, in which method the signal strengths from a set of base stations (1) 
surrounding a mobile station are measured in the latter. When handoff is considered to be motivated, 
the signal strength vector formed by the measured signal strengths is correlated with stored 
characteristic signal strength vectors associated with the first base station (1). If the correlation between 
measured signal strength vector and one of said stored characteristic signal strength vectors exceeds a 
predetermined correlation level, handoff is commanded to a predetermined second base station (2-7) in 
the set having acceptable but not the highest signal strength in the measured signal strength vector, or 
is the handoff procedure interrupted and the connection between the mobile station and the first base 
station (1) maintained. 
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TECHNICAL FIELD 

The present invention relates to a method in con- 
nection with handoff from a base station in a mobile 
radio communication system. 

PRIOR ART 

In mobile radio communication systems, for inst- 
ance mobile telephony systems, a mobile station is in 
radio contact with a base station in a set of base sta- 
tions located around the mobile station. When the sig- 
nal strength from the current base station is 
weakened due to movement of the mobile station a so 
called handoff to another base station in the set is per- 
formed. Normally handoff is done to that base station 
in the set that has the highest signal strength at the 
mobile station at the moment in question. This 
method, however, sometimes leads to a non-optimal 
choice of base station. Under certain circumstances 
it would be more advantages to chose another base 
station among the base stations in the set that have 
sufficiently high signal strength at the mobile station. 

DESCRIPTION OF THE INVENTION 

An object of the present invention is to provide a 
method in connection with handoff from the first base 
station in a mobile radio communication system, in 
which signal parameters that describe the signals be- 
tween a mobile station and a set of base stations 
located around said mobile station are measured and 
used for handoff decisions. 

The method in accordance with the invention is 
characterized in that, 

(a) when handoff is considered to be motivated, 
the signal parameter vector formed by the 
measured signal parameters is correlated with 
stored characteristic signal parameter vectors 
associated with said first base station, and, 

(b) if the correlation between said measured sig- 
nal parameter vector and one of said stored 
characteristic signal parameter vectors exceeds 
a predetermined correlation level, 

(b1) handoff is ordered to a predetermined 
second base station in said set, or 
(b2 the handoff procedure is interrupted and 
the connection between the mobile station 
and said first base station is maintained. 

DESCRIPTION OF THE DRAWING 

The invention will be described more in detail 
below with reference to the accompanying drawings, 
in which: 

Fig. 1 shows an embodiment of a cellular mobile 
telephony system; 

Fig. 2 shows an example of a situation where 



handoff should not be made to that base station 
that has the strongest signal; 
Fig. 3 shows a number of ceils in a cellular mobile 
telephony system, the base stations of which are 
5 connected to a common mobile services switch- 

ing centre; and 

Fig. 4 shows the structure of a record in a data 
base for storing signal strength patterns. 

10 PREFERRED EMBODIMENT 

Figure 1 shows the structure of one embodiment 
of a cellular mobile telephony system. Such a system 
comprises a number of cells, each cell in this embo- 

15 diment comprising one base station BS. To simplify 
matters only a number of such base stations BS are 
shown in the figure. The base stations BS are in radio 
contact with a number of mobile stations MS, of which 
only one is shown in the figure. The mobile station MS 

20 generally communicates with the base station BS in 
that cell in which it is currently located. As the mobile 
station MS travels from cell to cell the communication 
from the base station BS in one cell is handed over to 
the base station BS in a neighbouring cell. This pro- 

25 cedure is called handoff. During handoff the old base 
station instructs the mobile station MS to switch to 
another channel belonging to the new base station. 

Figure 2 shows a situation in which handoff 
should not be made to the base station that has the 

30 strongest signal. In Figure 2 there are three base sta- 
tions BS1-BS3. A mobile station is assumed to be on 
its way from point A to point C over point B. At point 
A the mobile station is in contact with base station 
BS1. At point B the signal strength from base station 

35 BS1 has weakened so that another base station has 
a significantly stronger signal, and therefore handoff 
is ordered. Since the mobile station continuously 
measures the signal strength from surrounding base 
stations, it has been established in point B that base 

40 station BS2 has the strongest signal strength, and 
therefore handoff in accordance with conventional 
methods is ordered to this base station. As the mobile 
station then continuous to point C the signal from base 
station BS2 will be blocked by a building H so that the 

45 signal strength rapidly decreases and a new handoff 
has to be ordered. In this case handoff is made to 
base station BS3. 

Thus, in the described situation a handoff deci- 
sion in point B is very rapidly followed by a new hand- 
so off decision in pint C. However, if base station BS2 
alreadylapoinf B^has sufficient signal strength to take 
over tfre^communication with the mobile station, it 
would be more suitable to order handoff already at 
that point to base station BS3 instead of to base sta- 

55 tion BS2. 

'^^ ^^Since the road in the described example always 
has the same geographical form and the point C can 
^ 4 be reached from point A only over point B, it would 
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therefore be desirable to somehow consider the fact 
that the building H soon will block signals from base 
station BS2 in connection with the handoff decision in 
point B. 

The present invention is based on the insight that 
the geographical location of point B does not neces- 
sarily have to be characterized by the geographical 
coordinates of the point. And alternative way of 
characterizing the location of the point is by a signal 
strength vector formed by the signal strengths from 
the surrounding base stations that are measured in 
the mobile station. Thus, point B can be identified by 
a characteristic signal strength vector associated with 
base station BS1. The reason for this association to 
base station BS1 is -that the specifically described 
situation arises only if the mobile station travels in 
direction ABC. Thus, only if handoff is to be made from 
base station BS1 to another base station is the 
measured signal strength vector of importance for 
identifying the geographical location and probable 
later movement of the mobile station. If, however, the 
mobile station travels in the opposite direction, CBA, 
the mobile station at point B will still be in contact with 
base station BS3 without requiring a handoff. Handoff 
to base station BS1 is made only later somewhere 
along the distance BA. Thus, it is essential to 
associate the characteristic signal strength vector 
with a certain base station. 

An embodiment of the invention will be described 
more in detail beiow with reference to figures 3 and 4. 

Figure 3 shows a set of base stations 1-7 located 
around a mobile station. These base stations are con- 
nected to a mobile services switching centre MSC, in 
which handoff decisions normally are made. In Figure 
3 all the base stations in the set that is surrounding the 
mobile station are connected to the same mobile ser- 
vices switching centre. However, this is not neces- 
sary; instead certain base stations may be connected 
to one mobile services switching centre while other 
base stations may be connected to other mobile ser- 
vice switching centres. In such a case the mobile ser- 
vices switching centres communicate with each other. 
However, to simplify matters the case shown in Figure 
3, where all the base stations in the set are connected 
to mobile services switching centre MSC will be des- 
cribed. 

The mobile services switching centre MSC com- 
prises a data file with characteristic signal strength 
vectors for "exception points", for instance point B in 
Figure 2. Figure 4 shows the structure of a record in 
such a data file. Each record comprises a field BS that 
identifies a base station to which the signal strength 
vector belongs. The remaining fields in the record 
contain signal strengths SS_1 - SS_7 in the exception 
point. Thus, on demand each base station that is con- 
nected to the mobile services switching centre MSC 
can be associated with a number of exception points 
defined by signal strength vectors stored in the data 



file. These signal strength vectors or signal strength 
patterns are measured and thereafter permanently 
stored in the data file and can thereafter be con- 
sidered in connection with handoff decisions. 
5 in the following it is assumed that the mobile sta- 

tion is in contact with base station 1 in Figure 3 when 
a handoff is to be made to one of the stations 2-7. Fur- 
thermore, it is assumed that the mobile station con- 
tinuously measures and reports signal strengths for 
10 surrounding base stations 1-7 to base station 1, which 
directs these measurement values to the mobile ser- 
vices switching centre MSC. When the mobile ser- 
vices switching centre MSC determines that the 
signal strengths from base stations 1-7 measured at 
15 the mobile station have changed to such levels that 
the conditions for handoff are fulfilled, it is investi- 
gated whether the data base stored in the mobile ser- 
vices switching centre MSC contains any exception 
points for this base station. If this is the case it is deter- 
20 mined whether any of these are sufficiently correlated 
to, that is sufficiently similar to the latest signal 
strength vector measured by the mobile station. If the 
correlation is sufficient to consider the mobile station 
to lie in exactly the point where the characteristic sig- 
25 nal strength vector once has been measured, a hand- 
off is performed to another base station among 
stations 2-7, but not to that base station that has the 
strongest signal. However, the chosen base station 
must stilt have acceptable' signal strength at the 
30 mobile station. 

If it is determined that base station 1 is not 
associated with any exception points or if the last sig- 
nal strength vector measured at the mobile station is 
not sufficiently correlated with any of the characteris- 
35 tic signal strength vectors for base station 1 , a handoff 
is performed in a conventional way to that base station 
2-7 that has the strongest signal. 

The correlation between a signal strength vector 
measured at the mobile station and a characteristic 
40 signal strength vector in the data file can easily be per- 
formed for instance by calculating the absolute value 
of the difference between respective vector compo- 
nents to form a deviation vector. This deviation vector 
can then be compared to a stored deviation vector. If 
45 a sufficient number of components in the calculated 
deviation vector are smaller than the corresponding 
components in the stored deviation vector sufficient 
correlation is assumed to exist. The stored deviation 
vector can be common for all characteristic signal 
50 strength vectors or be unique for each characteristic 
signal strength vector. 

In certain situations, for instance when signals 
from base station 1 temporarily are blocked by a build- 
ing, the most suitable procedure can be to completely 
55 interrupt the handoff procedure since according to 
experience base station 1 shortly thereafter will have 
an acceptable signal strength again. 

In the above example the invention has been des- 
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cribed in connection with signal strength vectors that 
are reported by the mobile station MS to the base sta- 
tion BS. However, the mobile station can also meas- 
ure and report other parameters that describe 
received signals. These parameters can also be of 
interest in connection with a handoff decision. Exam- 
ples of such parameters are: 

- the bit error rate (BER) of signals transmitted 
from at least one of the base station 1-7; 

- the time dispersion, TD, of signals transmitted 
from at least one of the base stations 1-7; and 

- the ratio, C/l, between the signal strength of the 
carrier that has been transmitted from at least one 
of the base stations 1-7 and interfering signals. 
A generalisation of the described embodiment of 

the invention is therefore to replace the signal 
strength vector with a signal parameter vector. The 
principals described above can then still be used if the 
mobile station instead measures the signal parameter 
vector and this vector is compared to stored charac- 
teristic signal parameter vectors. 

In an embodiment where also other parameters 
than signal strength are considered it is possible that 
handoff in an exception point is ordered to that base 
station that has the strongest signal after all. It can for 
instance happen that these further parameters do not 
have acceptable values for any other than the 
strongest base station. 

In the described embodiment of the invention to 
simplify matters it has been assumed that signal par- 
ameters are measured in the mobile station and 
reported to a base station. However, this is not neces- 
sary. An equivalent way to obtain signal parameters 
is for instance to let the base station measure par- 
ameters that describe the signal that is transmitted by 
the mobile station and received by the respective 
base stations. These parameters can then by each 
base station be reported to the unit that makes hand- 
off decisions, for instance a mobile services switching 
centre. These signal parameters also form a signal 
parameter vector that characterizes the geographic 
location of the mobile station. 

The signal parameters in such an embodiment 
can comprise at least one of the signal strengths 
measured at the base stations 1 -7 in the set of a signal 
transmitted by the mobile station MS. 

Further examples of signal parameters in this 
embodiment can comprise at least one of: 

- the bit error rate, BER, of a signal transmitted by 
the mobile station MS as measured at at least one 
base station 1-7 in the set; 

- the time dispersion, TD, of a signal transmitted 
by the mobile station MS as measured. at at least 
one base station 1-7 in the set; 

- the ratio, C/l, between the signal strength of the 
carrier transmitted by the mobile station MS and 
interfering signals as measured at at least one 
base station 1-7 in the set. 



Thus, with the present invention it is possible to 
provide more differentiated conditions for handoff, 
that is to deviate from the condition that handoff is to 
be made to the base station that has the strongest sig- 

5 nal in certain situations. Instead handoff can be made 
to some other predetermined base station or the con- 
nection with the original base station can be main- 
tained until the next handoff request 

The man skilled in the art appreciates that diffe- 

10 rent changes and modifications of the invention are 
possible without deviation from the scope of the 
invention, which is defined by the appended patent 
claims. 

15 

Claims 

1. A method for handoff from a first base station (1) 
in a mobile radio communication system, in which 

20 signal parameters that describe signals between 

a mobile station (MS) and a set of base stations 
(1-7) surrounding this mobile station are 
measured and used for handoff decisions, 
characterized in that, 
25 (a)when handoff is considered to be moti- 

vated, the signal parameter vector formed by 
the measured signal parameters is correlated 
with stored characteristic signal parameter 
vectors (SS_1 , SS_7) associated with said 
30 first base station (1), and, 

(b)if the correlation between the measured 
signal parameter vector and one of said stored 
characteristic signal parameter vectors 

(SS_1 SS_7) exceeds a predetermined 

35 correlation level, 

(b1) handoff is ordered to a predetermined 
second base station (2-7) in said set, or 
(b2) the handoff procedure is interrupted 
and the connection between the mobile 
40 station (MS) and said first base station (1) 

is maintained. 

2. The method of claim 1 , characterized in that the 
signal parameters comprise at least one of the 

45 signal strengths (SS_1 - SS_7) of signals trans- 

mitted from the base stations (1-7) in the set as 
measured at the mobile station (MS). 

3. The method of claim 1 or 2, characterized in that 
so said signal parameters comprise at least one of: 

- the bit error rate (BER) of signals transmit- 
ted from at least one base station (1-7) in the 

^the time dispersion (TD) of signals transrnit- 
55 ted from at least one base station (1-7) in the 

set; and 

- the ratio (C/l) between the signal strength of 
the carrier that has been transmitted from at 
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least one base station (1-7) in the set and 
interfering signals. 

4. The method of claim 1 , characterized in that said 
signal parameters comprise at (east one of the 5 
signal strengths measured at the base stations 
(1-7) in the set of a signal transmitted by said 
mobile station (MS). 

5. The method of claim 1 or 4, characterized in that 10 
sard signal parameters comprise at least one of: 

- the bit error rate (BER) of a signal transmit- 
ted by said mobile station (MS) as measured 
at at least one base station (1-7) in the set; 

- the time dispersion (TD) of a signal transmit- 15 
ted by said mobile station (MS) as measured 

at at least one base station (1 -7) in the set; and 

- the ratio (C/l) between the signal strength of 
the carrier transmitted by said mobile station 
(MS) and interfering signals as measured at at 20 
least one base station (1-7) in the set. 

6. The method of any of claims 2-5, characterized 
in that handoff in step (b) is ordered to a base sta- 
tion (2-7) having an acceptable but not the high- 25 
est signal strength in the measured signal 
parameter vector. 

7. The method of any of the preceding claims, 
characterized in that said characteristic signal 30 
parameter vectors (SS_1, SS_7) that are 
associated with said first base station (1) are 
stored in the unit (MSC) that makes handoff deci- 
sions. 

35 

8. The method of claim 7, characterized in that said 
characteristic signal parameter vectors 

(SS_1 SS_7) are stored as records in a data 

file, in which each record comprises a data field 

with an identification code for a base station and 40 
data fields for signal parameters of characteristic 
signal parameter vectors associated with this 
base station. 

9. The method of claim 7, characterized in that said 45 
unit (MSC) making handoff decisions stores 
characteristic signal parameter vectors for all the 
base stations that are connected to said unit. 

so 



55 ■ v. , > 



5 



EP 0 454 638 A1 




EP 0 454 638 A1 




BS 


ss_ 


1 


ss_ 


2 


ss_ 


3 


ss_ 


4 


ss_ 


5 


ss_ 


6 


ss_ 


7 



Fig. 4 



7 

i 



EP 0 454 638 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application numotr 



EP91850040.6 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ol coeument with indication where appropriate, 
ot relevant passages 



Relevant 
(o claim 



CLASSlf JCATION OF TH£ I 
APPLICATION lint Ct *) j 



US-A- 4 907290 (E - CR0MPT0N) 
♦column 2, lines 4-64* 



EP-A1- 126 557 (AMERICAN TELEPHONE ,AND 
TELEGRAPH COMPANY) 
♦the whole document" 4 ' 



US-A- 4 550 443 (T. FREEBURG) 
♦the whole document* 



US-A- 4 704 734 (8. MENICH ET AL ) 
♦the whole document* 



GB-A- 2 215 932 (GEC TRAFFIC AUTOMATION 
LIMITED) 

♦side 3 T line 19 - side 4, line 3* 



Th« prtMnt >••' cn report has b*«n drawn up for ail claims 



Place ol **arch 



STOCKHOLM 



0*t« ot compMtion ol tn« search 



13-06-1991 



H 04 B 7/26 1 
H 04 Q 7/04 j 



1 TECHNICAL FIELDS 

SEARChGO tint Cl*t 



H 04 B 
H 04 Q 



HENRIK550N. L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant tf combined witn another 

document of the same category 
A . technological background 
O : non-written disclosure 
P . intermediate document 



meory or principle underlying tne invention 
earlier patent document, but published on. or 
after the filing date 
document cited m me application 
document cited lor other reasons 



& . member of tne same patent family, corresponding 
document _ 



8 



